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Abstract 



Organosiloxane-oxyalkyl ene c opolymers in which at least one silicon atom of an organosiloxane unit has 



attached thereto a group I m I in which X is a divalent hydrocarbon group, R is an alkylene group, n is an 
integer of at least 2, Z is an organic substituent containing an epoxy group, R' is lower alkyl, vinyl or phenyl, 
R" is alkyl or alkoxyalkyl and a is 0 or 1 , at least 40 percent of the total substituents in the copolymer being 
methyl. The copolymers are film forming and may be applied to continuous or porous substrates from 
aqueous or non-aqueous solutions. 
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(54) Organosiloxane^oxyalkylene copolymers 

(57) Organosiloxane-oxyalkylene copolymers in which at least one silicon atom of an organosiloxane 
unit has attached thereto a group 

2 



-X(0R) n 0SiR'.(0R'') a _. 

in which X is a divalent hydrocarbon group, R is an alkylene group, n is an integer of at least 2, 2 is 
an organic substituent containing an epoxy group. R' is lower alkyl, vinyl or phenyl, R" is alkyl or 
alkoxyalkyl and a is 0 or 1, at least 40 percent of the total substituents in the copolymer being methyl. 

The copolymers are film forming and may be applied to continuous or porous substrates from 
aqueous or non-aqueous solutions. 
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SPECIFICATION 

Organoailoxane-oxyalkylene copolymers 

5 This invention relates to copolymers compris- 
ing organosiloxane units and oxyaikylene un- 
its, and also relates to a process for preparing 
such copolymers. 
Copolymers comprising siloxane units and 

10 oxyaikylene units are now well known and 
have been commercially employed in applica- 
tions such as surfactants for polyurethane 
foams and as textile fibre lubricants. In U.K. 
* Patent 1 290 687 there are disclosed siloxane- 

1 5 polyoxyalkylene block copolymers in which 
there are present methoxy groups attached to 
silicon atoms. It is stated in the said patent 
that a preferred application of the block co- 
polymers is in the treatment of hydrophobic 

20 fibres to improve their soil resistance. Euro- 
pean Patent Application 32310 also discloses 
copolymers containing siloxane units, oxyaiky- 
lene units and silicon-bonded hydrolysable 
groups, and the use of such copolymers for 

25 treating textiles. In the above described prior 
art copolymers the methoxy groups or hydro- 
lysable groups are attached to a silicon atom 
in the siloxane chain either directly or by way 
of an aliphatic hydrocarbon linkage. 

30 According to the present invention there are 
provided organosiloxane-oxyalkylene co- 
polymers wherein at least one silicon atom of 
an organosiloxane unit has attached thereto a 
group represented by the general formula 

35 

Z 

I 

-X(OR) B OSiR',(OR") 2 .. 

40 wherein X represents a divalent hydrocarbon 
group having from 2 to 8 carbon atoms, R 
represents an alkylene group having from 2 to 
4 carbon atoms, n is an integer of at least 2, 
Z represents an organic group composed of 

45 carbon, hydrogen and oxygen and having 
therein at least one epoxy group, R' repre- 
sents a lower a Iky I, vinyl or phenyl group, R" 
represents an alkyl or an alkoxyalkyi group 
having less than 7 carbon atoms and a has a 

50 value of 0 or 1, the remaining silicon-bonded 
substituents in the organosiloxane units being 
selected from hydrogen atoms, monovalent 
hydrocarbon groups and groups represented 
by the general formula 

55 

-X(OR) w OG 

wherein X and R are as hereinbefore defined 
and G represents a hydrogen atom, a monova- 

60 lent hydrocarbon group having from 1 to 1 0 
carbon atoms or an acyl group having from 2 
to 6 carbon atoms, at least 40 percent of the 
total substituents bonded to siloxane silicon 
atoms in the copolymer being methyl. 

65 In the general formula above -{OR) 0 - repre- 



sents an oxyaikylene block having at least 2, 
preferably from 2 to 50 oxyaikylene units OR. 
The oxyaikylene units are preferably oxyethy- 
lene or oxypropyiene or combinations of the 

70 two, for example-fOCaHJefOCjHJe-. The 
group X which links the oxyaikylene block to 
the siloxane silicon atom may have from 2 to 
8 carbons, but, in view of the more ready 
availability of the polyoxyalkylene precursor, is 

75 preferably the propylene group -{CHJj. 

The substituent Z is an epoxidised monova- 
lent organic group composed of carbon, hy- 
drogen and oxygen. Examples of such groups 
indude the group 

80 
85 

and those represented by the general formula 



90 /\ 

-QCH - CHj 

wherein Q represents a divalent hydrocarbon 
95 group e.g. ethylene, butylene, phenylene, cy- 
clohexylene and 



100 -CHjCHj (7^- 



or an ether oxygen-containing group such as 
-CH 2 CH 2 OCH 2 CH 2 and 
105 -CH 2 CH 2 OCH(CH 3 )CH 2 -. Preferably Z repre- 
sents the group 



110 -<CH 2 ) 3 0CH 2 CH - X CHj. 

As the R" groups there may be present any 
alkyl or alkoxyalkyi group having less than 7 

115 carbon atoms e.g. methyl, ethyl, propyl, me- 
thoxyethyl and ethoxyethyl, the preferred co- 
polymers being those wherein R" represents 
methyl, ethyl or methoxyethyl. The R' groups, 
when present may be C,_4 alkyl, vinyl or 

120 phenyl. 

At least one of the above oxyalkylene-con- 
taining groups should be present in the co- 
polymer. The number present in any particular 
case will depend upon such factors as the size 

125 of the copolymer molecule desired and the 
balance sought between the properties be- 
stowed by the siloxane and oxyaikylene por- 
tions. The remaining substituents on the silox- 
ane silicon atoms may be selected from hydro- 

1 30 gen atoms, monovalent hydrocarbon groups 
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e.g. ethyl, propyl, 2,4,4-trimethylpentyl, vinyl, 
allyl and phenyl and silicon-free oxyalkylene 
groups of the formula -X(OR) n OG, wherein G 
is for example ethyl, butyl or acetyl; with the 
5 proviso that at least 40 percent of the total 
siloxane -silicon-bonded substituents are me- 
thyl groups. The preferred copolymers of this 
invention are those wherein the oxyalkylene 
groups (0R) B are oxyethyiene and comprise at 
10 least 35% of the total weight of the co- 
polymer. 

The copolymers of this invention may take 
any of the molecular configurations available 
to such copolymers provided such configura- 
1 5 tion is consistent with the presence of termi- 
nal silyl groups on the oxyalkylene-corrtaining 
group or groups. For example, they may be of 
the ABA configuration wherein A represents 
the 

20 Z 

I 

-X<OR).OSiR'.(OR») 2 _ 

group and B represents a linear siloxane por- 
25 tion e.g. -{MaSiO^ wherein each M individu- 
ally represents an organic substhuent such as 
-CH 3 and b is an integer of at least 2. 
Alternatively the copolymer may be of the so- 
called "rake" configuration wherein the oxyal- 
30 kyfene-containing groups are pendant from a 
siloxane chain as in 



35 



M 
I 

MSiO- 
I 

M 



40 



K 

I 

S10 

I 



M 

I 

S10 

I 

La 



H 

I 

• SIM 



in which y is zero or an integer and z is an 
integer. According to yet another configura- 

45 tion the oxyalkylene-containing (A) groups 
may be present both in the pendant positions 
and attached to the terminal silicon atoms of 
the siloxane chain. It will thus be apparent 
that in addition to the siloxane units having 

50 oxyalkylene groups attached thereto the co- 
polymers of this Invention may also comprise 
monofunctional M,SiO t units, difunctional 
MjSiO and trifunctional MSi0 3/2 units. If de- 
sired, email proportions of tetrafunctional SiOj 

65 units may also be present. 

The copolymers of this invention can be 
obtained by reacting together (A) an organosi- 
- loxane-oxyalkylene copolymer wherein at least 
one silicon atom of an organosiloxane unit has 

60 attached thereto a group of the general for- 
mula 

-X(0R) n OH 

65 the remaining silicon-bonded substituents in 



the organo-siloxane units being selected from 
hydrogen atoms, monovalent hydrocarbon 
groups and groups represented by the general 
formula -X<0R) ft 0G, at least 40 percent of the 
70 total aubstituents-bondedto siloxane silicon 
atoms in the copolymer being methyl groups, 
and (B) en organosilane 
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wherein X. R. Z. R' # R" and a are as herein- 
before defined and G represents a monovalent 
hydrocarbon group having from 1 to 10 car- 
bon atoms or an acyl group having from 2 to 

80 6 carbon atoms. 

Organosiloxane-oxyalkylene copolymers (A) 
employed in the said preparative process are a 
known class of materials. Such copolymers 
and methods for their preparation are de- 

85 scnbed In. for example. British Patents 

802 467 and 1 143 206. The stlanes (B) are 
also known substances and have been dis- 
closed In. for example, British Patent 
834 326. 

90 Some reaction between (A) and (B) to form 
the organosiloxane-oxyalkylene copolymers of 
this invention b believed to occur at normal 
ambient temperatures. It is preferred, how- 
ever, to expedite the reaction by the use of 
95 higher temperatures, for example, from about 
60'C to 180*C. If desired the reaction may be 
carried forward in the presence of a transest- 
erification catalyst, for example zinc tetrafluo- 
roborate, an organic tin compound e.g. stan- 
100 nous octoate or a titanium compound e.g. 
tetrabutyl titanate. Where subsequent reaction 
of the copolymer via the epoxy groups is 
envisaged the preferred catalysts are those 
which also function to open the epoxy ring 
105 e.g. zinc tetrafluoroborate. 

The relative molar proportions of the reac- 
tants employed may be varied to achieve 
substantially complete reaction of the avait- 
. able COH groups, or to induce only partial 
1 1 0 reaction whereby the resulting copolymer pro- 
duct contains both silylated and non-silylated 
oxyalkylene groups. 

The molecular weight of the copolymers of 
this invention may vary widely and the co- 
115 polymers may range from mobile liquids to 
gummy or waxy solids. When a sufficient 
proportion of oxyethyiene units is present the 
copolymers are water-soluble. The copolymers 
may therefore be formed Into curable films on 
1 20 continuous, porous or fibrous substrates from 
aqueous or non aqueous solutions. Curing of 
the copolymers into films will take place in the 
absence of a curing catalyst. It is, however, 
generally preferred to accelerate the cure by 
1 25 the addition of a siloxane condensation cata- 
lyst. A wide variety of such catalysts are 
known and include, for example acids, bases 
and metal organic compounds such as the 
metal carboxylates e.g. dibutyltin dilaurate, 
1 30 stannous octoate and zinc octoate and than- 



10 



15 



20 



25 



30 



ium alkoxides and chelates. Certain sub- 
stances e.g. zinc tetrafluoroborate and stan- 
nous octoate can function both as a transest- 
erification catalyst during the preparation of 
the siloxane-oxyalkylene copolymer and subse- 
quently as a curing catalyst therefor. 

It is also preferred to effect drying and 
curing of the films at elevated temperatures. 
The actual temperature employed will depend 
to some extent on the nature and heat resis- 
tance of the substrate, temperatures in the 
range from about 80*C to about 1 80 # C being 
generally appropriate. 

If desired the coporymers of the Invention 
may be mixed with fillers, pigments and other 
additives to produce compositions curable to 
rubbery solids having paintable surfaces. 

The following examples in which Me repre- 
sents methyl illustrate the invention. 

Example 1 

To a 20 litre split-necked flask equipped 
with a stirrer, condenser and thermometer 
was charged 12,500g of a siloxane-oxyalky- 
lene copolymer of average composition 
tHCXCH^OJ^CH^iMejOeJj (SiMe 2 0) u . 
The flask was heated to 90"C and a 40% by 
weight aqueous solution (26ml) of zinc tet- 
rafluoroborate added and dissolved with stir- 
ring. This was followed by the addition over 
25 minutes of the silane. 



Example 3 

Employing the procedure of Example 1 a 
siloxane-oxyalkylene copolymer (240g) of av- 
70 erage composition 



35 (MeO) 3 Sl(CH 2 } 3 OCH 2 dH ^ 

(2458.7g), the reaction mixture then being 
maintained at 90*C for a further 2 hours. On 

40 cooling there was obtained 14,870g (99.5%) 
of a clear, amber, water-soluble liquid. 

When an aqueous solution (1 5% by weight) 
of the liquid was coated on to aluminium and 
dned at 150 X for 3 minutes a crosslinked, 

45 water-insoluble, hydrophilic film was obtained. 

Example 2 

1 92G of the siloxane-oxyalkylene copolymer 
employed in Example 1 and 1gm of concen- 
50 trated hydrochloric acid were heated with stir- 
ring to 90*C. 37.8g of the silane 



75 



Me^SifOSiMeJ^OSiMekOSiMe, 

I 

(CH 2 ) 3 (OCH 2 CH a ) u OH 

and the silane 



/0 V 

80 <Me0) 3 Si<CH 2 ) 3 0CH 2 CH - CH 2 

(70.8g) were reacted at 90-100'C in the 
presence of a 40% by weight aqueous solu- 

85 tion (3ml) of zinc tetrafluoroborate. 

The reaction product (304g) was a clear, 
amber-coloured liquid which formed clear 
aqueous solutions. On drying these solutions 
(10% by weight) at 1 50X for 3 minutes clear 

90 crosslinked hydrophilic films were obtained. 

Example 4 

150.9G of a siloxane-oxyalkylene co- 
polymer having the average composition 
95 [H0(CH a ^ 

was heated to 80*C with stirring. A 40% t£ 
weight aqueous solution (2ml) of ZnfBFJ, was 
then added, followed by 47.2g of the silane 



100 



OieOjSKCHj^OCHj 



105 The mixture was maintained at 80'C for 2 
hours and then allowed to cool. A slightly 
hazy water-soluble liquid was obtained. When 
a 1 0% by weight aqueous solution of this 
liquid was dried at 1 50*C a crosslinked, 

1 1 0 water-insoluble film resulted. 

CLAIMS 

1. An organosiloxane-oxyalkylene co- 
polymer wherein at least one silicon atom of 
1 15 an organosiloxane unit has attached thereto a 
group represented by the general formula 



55 (HeO) 3 SlCH 2 Ca 2 CH 2 OCH 2 CH'. N CH 2 



120 -XtOR^Osm^OR"), 



were added and the mixture maintained at 
90*C for 2 hours. On cooling there was 

60 obtained 223g (97%) of a clear, amber, 
water-soluble liquid. When an aqueous solu- 
tion (1 5% by weight) of the liquid was coated 
onto aluminium and dried for 3 minutes at 
1 50*C a crosslinked 25 water insoluble film 

65 was obtained. 



wherein X represents a divalent hydrocarbon 
group having from 2 to 8 carbon atoms, R 
represents an alkylene group having from 2 to 
4 carbon atoms, n is an integer of at least 2, 
Z represents an organic group composed of 
carbon, hydrogen and oxygen and having 
therein at least one epoxy group, R 1 repre- 
sents a lower a Iky I, vinyl or phenyl group, R" 



10 



represents an alkyl or an alkoxyalkyl group 
having less than 7 carbon atoms and a has a 
value of 0 to 1, the remaining silicon-bonded 
substituents in the organosiloxane units being 
selected from hydrogen atoms, monovalent 
hydrocarbon groups and group* represented 
by the general formula 

— X(OR) ft OG 



wherein X and R are as hereinabove defined 
and G represents a hydrogen atom, a monova- 
lent hydrocarbon group having from 1 to 10 
carbon atoms or an acyl group having from 2 
1 5 to 6 carbon atoms, at least 40 percent of the 
total substituents bonded to si'loxane silicon 
atoms in the copolymer being methyl groups. 

2. A copolymer as daimed in Claim 1 
wherein the OR units are oxyethylene units or 

20 oxypropylene units or both. 

3. A copolymer as daimed in Claim 1 or 
Claim 2 wherein n has a value from 2 to 50. 

4. A copolymer as daimed in any one of 
the preceding claims wherein X represents the 

25 group -(CHJ,-. 

5. A copolymer as daimed in any one of 
the preceding claims wherein R" represents 
the methyl, ethyl or methoxyethyl group. 

8. A process for the preparation of an 
30 ^anosiloxane-oxyalkylene copolymer as de- 
fined in Claim 1 which comprises reacting 
together (A) an organositoxane-oxyalkylene co- 
polymer wherein et least one silicon atom of 
an organosiloxane unit has attached thereto a 
35 group represented by the general formula 

-XfOR^OH 

the remaining silicon-bonded substituents in 
40 the organosiloxane units being selected from 
hydrogen atoms, monovalent hydrocarbon 
groups and groups represented by the general 
formula 

45 -X(0R) n 0G 

at least 40 percent of the total substituents 
bonded to siloxane silicon atoms in the co- 
polymer being methyl groups, and (B) an 
50 organosilane 

ZSiR'.{0R»)^ 

wherein X, R, Z R', R» and a are as defined 
5b in Claim 1 and G represents a monovalent 
hydrocarbon group having from 1 to 10 car- 
bon atoms or an acyl group having from 2 to 
6 carbon atoms. 

7 ' A proC8SS as claimed in Claim 6 
60 wherein there is present a transesterification 
catalyst 

8. A process as claimed in Claim 7 
wherein the catalyst is a substance which also 
effects ring opening of the epoxy group. 
66 9. A process for coating a substrate which 



comprises applying thereto an organosiloxane- 
oxyalkylene copolymer as daimed in any one 
of Claims 1 to 5 inclusive. 
10. An organosifoxanwxyalkylene co- 
70 Polymer at claimed in Claim 1 substantially as 
des«bed^ith reference '* the Examples 
herein. K 
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OrgonoeOoxane-oxyalkylene copolymers 

5 This Invention rotates to copolymers comprise 
Ing organosiloxsne units and oxysikylene un- 
its, and also relates to a process for preparing 
such copolymers. 
Copolymers comprising sllexane units snd 
10 oxysikylene units are now well known and 
have been commercially employed In applica- 
tions such sa surfs ctanta for poJyurethene 
foams and ss textile libra lubricants. In U.K. 
• Patent 1 290 687 there are disclosed slloxane- 

15 potyoxyalkylene block copolymers In which 
there are present methoxy groups attached to 
silicon atoms* It Is stated In the said patent 
that a pr9t^m6 application of the block Co- 
£? , V fn * r * '« the treatment of hydrophobic 

20 fibres to improve their soil resistance. Euro- 
pean Patent Application 32310 also discloses 
copolymers containing ailoxane units, oxyslky- 
lene units and silicon-bonded hydrolysable 
©roups, end the use of such copolymers for 

25 treating textiles, In the above deicribed prior 
ert copolymers the methoxy groups or hydre- 
hfaable groups are attached to a silicon atom 
In the alloxans chain either directly or by wey 
of an aliphatic hydrocarbon linkage. 

30 According to the present Invention there are 
provided orgenoslloxene^oxyalkylsne co- 
polymers wherein et leest one alllcon atom of 
sn organoslloxfine unit has attached thereto a 
group represented by the general formula 

35 

f • 

-XtOR).0SiRVOR''>^ 

40 wherein X representa a divalent hydrocarbon 
group having from 2 to 8 carbon atoms. R 
represents an alkyieno group having from 2 to 
4 carbon stoma, n is an Imager of at least 2, 
Z represents an organie group composed of 

45 carbon, hydrogen and oxygen and having 
therein at least one epoxy group, R' repre* 
sents a lower slkyl, vinyl or phenyl group, R" 
represents an slkyl or an elkoxyalkyf group 
hevmg less than 7 osrbon stems end e hes a 

50 value of 0 or 1, the remeining sllleon-bonded 
substituents in the organosiloxane units being 
selected from hydrogen atoms, monovalent 
hydrocarbon groups snd groups represented 
by the general formula 

56 

-XJOR^OG 



sente an oxyalkylene block having at least 2 ' 
preferably from 2 to 60 oxyalkylene units' OR 
Trio oxyalkylene units are preferably axyethv-" 

_ ^ZWVyS^ft combinational the 
70 »w.fwajwmpl^ 

group X which links the oxyalkylene block to 
the alloxans silicon stem may have from 2 to 
8 °fri^ ^ ,n vte * °* *• '"ore reedy 
7C B ^ b, l |? y i f P*W«Waiie precursor, is 
76 preferably the propylene group -{CHJ.. 

The substltuent Z Is en epoxidised monova- 
tem orgenlo group oomposed of carbon, hy- 
drogen and oxygen. Examples of such groups 
Include the group * *^ 

80 



85 



80 



and thoee represented by the general formula 



•Qca'. CHj 



wherein Q reprasams a divalent hydrocarbon 
85 group e.g. ethylene, butyiene, phenylene, ey- 
clohexyiene and ^ 



100 



%^^^^ rwnuM ^ Group such ee 
-vHjCH a OCMtCH a and 
106 -CH^H,0CH(CHJCH a -. Preferably Z repre- 
sents the group 



110 



-lo^j^oa^cx 



wherein X end R are ae hereinbefore defined 
«~ ? ® represents e hydrogen atom, a monove* 
60 lent hydrocarbon group having from 1 to 10 
carbon atoms or an aeyl group hsving from 2 
to 6 carbon atoms, at least 40 parcent of the 
total substhuents bonded to alloxans silicon 
etoma In the copolymer being methyl. 
66 In the general formula above -(OR).- repre. 



As the R" groups there mey be present any 
alkyl or alkoxyelkyl group having less then 7 
115 osrbon etoms e.g. methyl, ethyl, propyl, me* 
thoxyethyl end ethoxyethyf, the preferred co» 
polymers being those wherein R" represents 
methyl, ethyl or methoxy ethyi. The R' groups, 
when present, may be C,^ alkyl, vinyl or 
120 phenyl. 

At lessj one of the above oxyalkylene-con- 
talnlng groups should be present In the co- 
polymer. The number present In any particular 
will depend upon such factors ae the ska 
125 of the copolymer molecule desired end the 
balance sought between the properties be- 
stowed by the slloxsne end oxysikylene por- 
tions. The remaining substhuents on the ailox* 
* 806 * licon Btom- rn °V be eelected from hydro- 
130 gen etoms, monovalent hydrocarbon groups 
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e.g. ethyl, propyl, 2,4,^trimethyipentyl. vinyl 
altyl and phenyl and silicon-free oxyatirylone 
groups of the formula -X(0R) n OG, wherein Q 
Is fbr example ethyl, butyl or acetyl; wj$ the 
B proviso that at least 40 percent of the total 
aZIoxane silicon-bonded subetftuenta are me- 
thyl groups. The preferred copolymers of thla 
Invention are those wherein the exyalkylene 
groups (ORL are cry ethylene and comprise at 
1 0 least 36% of the total weight of the co- 
polymer. 

The copolymers of this invention may take 
any of the molecular configurations available 
to such copolymers provided such configure- 
1 5 tfon la consistent with the presence of termi- 
nal %Uyi groups on the oxyallcyiene-ccntalnlng 
group or groups. For example, they may be of 
the ABA configuration wherein A represents 
the 

20 Z 

group and B represents a linear ailoxane per* 
25 ton e.g. -{MjSlO),, wherein eech M Individu- 
ally represents an organic substftuent such as 
-CH, and b ia an integer of at least 2, 
Alternatively the copolymer may be of the so- 
called "rake" configuration wherein the oxyal* 
30 kylene-contaJnlng groups are pendant from a 
ailoocano chain as In 
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In which y (a zero or an Integer and sis an 
integer. According to yet another configure- 
rs tlon the oxyelkylene-eontaining (A) groups 
may be present both in the pendent positions 
and attached to the terminal silicon atoms of 
the siloxene chain. It will thus be apparent 
thet In addition to the siloxane units having 
50 oxyelkyiene groups attached thereto the co- 
polymer* of thla Invention mey elso comprise 
monofunctlonal M a SI0. units, dlfunotlonaf 
M,SiO and trifunctional MSi0 3/1 units. If de- 
sired, small proportions of tetrsfunctlonel SIO a 
55 unlta may also be pre sent. 

The copolymers of this invention can be 
obtained by reacting together (A) en organoal 
• loxane-oxyelkylene copolymer wherein et leaat 
one sil'eon atom of an organostloxane unh has 
CO firtuehod thereto m ghaup of the genertf for- 
mula 

-X(0R) fl OH 

65 the remaining silicon-bonded aubstrtuenta in 



th© organe-eiloxene units being selected from 
hydrogen etomo, monovalent hydrocarbon 
groups and groups represented by the general 
formula -X(OR)^OGr«t leaat 40-pareenrof the 
70 tots I subsdtuems bonded to ailoxane silicon 
atoms In the copolymer being methyl groups, 
and (B) en organoiilsne 



75 



ZSiR\(QR")** 



«< * R M end e are aa herein- 
oefore defined and 0 represents e monovalent 
hydrocarbon group having from 1 to 10 car* 

BO 8 carbon stoma. 

Organo^loweMO^alkylone copolymers (A) 
employed in the ssid preparative prooaaa are a 
known dses of materiata. Such copolymers 
and methoda for their preparation are de- 

86 scribed In. for example, British Patents 

802487 and 1 143206. The sllanea (B) ere 
also known aubstaneea and have been dis- 
closed In, for example, British Patent 
834328. 

90 Some reaction between (A) end (B) to form 
the orgenosiloxane-oxyalkylene copolymers of 
thte invention la believed to occur at normal 
ambient temperatures. It ia preferred, how- 
ever, to expedite the reaction by the use of 
85 higher temperatures, for example, from about 
flO'C ta 180'C. If desired the reaction may be 
carried forward In the presence of a transes^ 
erifleation catalyst, for example zinc tetrafluo- 
« ~~ ^borate, an organic tin compound e.g. stan- 
1 00 nous cctoste or a titanium compound e.g. 
tetra butyl tltanate. Where subsequent reaction 
of the copolymer vis the epoxy groups Is 
envisaged the preferred caiafysta era those 
which also function to open the epoxy ring 
105 e.g. zlne tetrafluoroborate. 

The relative molar proportions of the r*se- 
tartts employed may be varied to achieve 
substantially oompltte reaction of the avail* 
- able COH groups, or to induce only partial 
1 1 0 reaction whereby the resulting copolymer pro- 
duct ccntsine both tityfatsd end non-eJfyleted 
oxyalkyiene groups. 

The molecular weight of the copolymers of 
this invention may vary widely and the co- 
1 1 6 polymers may range from mobile liquids to 
gummy or waxy solids. When e sufficient 
proportion of oxyethylene unite le present the 
copolymers are water-soluble. The ooporymera 
may therefore be formed Into curable films on 
1 20 continuous, porous or fibrous aubatrstae from 
aqueous or non aqueoua solutions. Curing of 
the copolymers Into films will take place In the 
absence of a curing catalyst. It la. however, 
generally preferred to accelerate the cure by 
t36 the addition of a ailoxane condensation cata- 
lyst. A wide variety of such catalysts are 
known and Include, for example acids, bases 
snd metal organic compounds such as tha 
metal carboxylase e.g. dlbutyftfn dllaurate, 
1 30 stannous octoate end ano octoate and titan- 
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lum alkoxJdea and chelate!. Certain sub- 
stances e.g. xlno tetrsfluoroborate and etan- 
noua octoate can function both as a transest* 
onficatxon catafyst during tha preparation of 
tha aJ oxana^yaikyUna copolymer and subs*, 
quently at a curing catalyst therefor. 

ft b also i prafarrod to effect drying and 
curing of tha filma at elevated temperatures. 
Tha actual temperature amployad will depend 
to soma extant on tha nature and heat reaJe- 
tanca of tha aubatrate, temperatures In tha 
range from about 80*C to about 180*C being 
generally appropriate, ¥ 
If deeJred the copolymers of the invention 
****** with filler plgmenta and other 
addtavea to produce compositions curable to 
rubbery scllda having palntable surfaces. 

The following examples In which Me repre- 
senta methyl Illustrate the Invention. . 
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Examp/e 3 

Employing the procedure of Example 1 a 
«*oxane^D/a!kylene copolymer (240g) of-av. 
erage composition 

Me^KOSiMeaJoWSiMe^OSIMe. 

I 

(CHJ^OCHjCHJuOH 

and tha allana 



25 



Exsmph 1 

To a 20 rrtre splfenecked flask equipped 
whh a i atlrrer, condenser and thermometer 
waa charged 1 2.500g of a alloxana-oxyalkyw 

r!E^ p & m it f 01 ■ vom 0 c compoeition 
WO(CH i CH a O) t »(CH 4 >SiMe t O 0 ,J J (8IMe a O) u , 
The flaak wai heated to 90'C end a 40% by 
weight aqueous solution (28ml) of zinc tat- 
raffuoroborste added and dissolved with stir* 
30 ring. This waa followed by the addition over 
25 minutes of the ellane. 



36 



<H«0) a Sifca a ) 3 0CR a CH - CMj 



(24S8.7g), the reaction mixture then being 
maintained at 90X for a further 2 hours. On 

40 cooling them waa obtained 14.870g (99.6%) 
0, « clear, amber, wate»aoluble liquid. 

Whe'n an aqueous solution (1 5% by weight) 
of the liquid was coated on to elumlnium and 
dried at 160X for 3 minutes a croesllnked, 

45 water-insoluble, hydrophlllc film was obtained. 

Exmmple 2 

1 92G of the siloxane-oxyaikylene oopofymor 
employed in Example 1 and Igm of concen- 
trated hydrochloric acid were heated whh stir- 
ring to SOX. 37. Bg of the sllane 



60 



80 O*eO) a 0i(CR a , 3 oCH a a ! V « 2 



(70.8g) were reacted at 9Q-1 00 'C In tha 

85 toon (3ml) of zinc tatrafluoroborata. 

The reaction product (304g) waa a clear, 
amber-coloured liquid which formed clear 
ffXSF? ,0, V tion «' 0n these solutions 

(10% by woight) at 1S0-C for 3 minutes ctoar 

90 crosslinked hydrophilio films were obtained. 

Example 4 

150.8Q of a silojcano-oxyalJcyisne co- 
pofymer having the average oomDoafclen 

wis hooted to 80'C with stirring! A 40* b? 
weight aqueous solution {2ml) of ZnJBFJ, was 
then odded. followed by 47.2g of th. sJtene 



100 



OS«0)jSl(eH 2 ) 9 0C82 



A 



106 



The mixture waa maintained at 80*C for 2 
hours and then allowed to cool. A slightly 

h VX^ r *°! ubl9 ,io « uld m * obtained. When 
a 10% by weisht equeoua solution of thla 
liquid waa dried at 1 S0 # C a crosslinked, 
110 water-insoluble film resulted. 
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CLAIMS 

1. An organoeiLexane-oxyellcyfene co- 
polymer wherein at least one silicon atom of 
an organosiloxane unit hae attached thereto a 
group represented by the general formula 



55 (KaO) 3 3tCH a CH a ai a oca 2 a' - ^ 2 

were added and the mixture maintained at 
80*C for 2 hours. On cooling there was 

60 obtained 223g (97%) of a clear, amber, 
wateivsoluble liquid. Whan an aqueous solu- 
tion (16% by weight) of the liquid waa coated 
onw aluminium and dried for 3 minutes at 
150 Ci a croasJtnJeed 26 water insoluble film 

66 waa obtained. 



120 -XtORkOa^OR'U. 

wherein X re p resen t s a dfvalenr hydrocarbon 
group having from 2 to 8 carbon atoms, R 
represents an alkyiene group having from 2 to 
i <o 4 carbon atoms, n is an integer of at least 2. 
2 represents an organic group composed of 
carbon, hydrogen and oxygen and having 
therein at less? One opoxy group, R'repre- 
eente a lower alkyi, vinyl or phenyl group, ft" 
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10 



represent* an «!kyl or an aikoxyallcyl group 
having leas than 7 carbon atoms and a has a 
value of 0 to 1, the remaining silicon-bonded 
substltuanta In , the orgenosiloMne unHa being 
selected from hydrogen atoms, monovalent 
hydrocarbon group* and groups rapracantad 
by tha ganeral formula 

— X<0R).OG 
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wherein X and R are as hwalnabove defined 
and G represents a hydrogen atom, a monova- 
lent hydrocarbon group having from 1 to 10 
cartoon atoms or an scyl group having from 2 
to 6 carbon atoms, at least 40 percent of the 
t*M aubstltuents bonded to rto^SlE,? 8 
etoma In tha copolymer being methyl groupa. 

wherein the OR units are oxyethylene units or 
oxypropylene units or both. 

3. A copolymer aa claimed In Claim 1 or 
Claim 2 wherein n has a value from 2 to 50 

4. A copolymer as claimed In any ana of 

oWp^chS ' * h#r,ln x r * preMnU 

th O 5 «r^ ?P0hr i n ? r ? Wnwd ln »nv ^e of 
the Priding olaima wherein R" represents 
trie methyl, athyl or methoxyethyt group. 
Sfl A Proceaa for the preparation of an 

1 which oomprlses reacting 
together (A) an organosHoxana-oxyalkyfene co- 
polymer whanin at least one sili con eWof 
an organosiloxane unit has attached thereto a 
3B group represented by the general formula 

-X(0RJ,OH 

Hi! ™ ma,n,n fl •"•eon-bonded wbstltuente In 
w the prganosiloxene units being selected from 
hydrogen atoms, monovalent hydrocarbon 
groupa^ and groupa represented by the general 

46 -X(ORX,OQ 

« least 40 percent of the total substftuents 
bonded to alloxana silicon atoms In the eo- 
polymer being methyl groups, end (B) an 
bo organoallana 

ZSIR'.(OR"> s _. 

wherein X. U R', R" and a ant aa defined 
in Claim 1 and Q repreeents e monovalent 
hydrocarbon group having from 1 to 10 car- 
bon atoms or an acyf group having from 2 to 
o carbon atoms. 
#>n ~2' , A Proceaa fl a claimed in Claim 6 
BO wherein there la preaem a transestarinoation 
catalyst. 

8. A process as claimed In Claim 7 
wherein the catalyst la a au balance which also 
effects ring opening of the spoxy group. 
86 8. A process for eoatfng a substrata which 



66 



c^rwes applying thereto an orgsnwnoxane. 
oxyalkylane copolymer as claimed In anyone 
of Claim, i to 5 inclusive. y 

7r» * I M 4 r fl" n Wiloxsne-oxyaJfcy|«no co- 
described with reference to the ExamplM 
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(54) Orgftnosiloxane^oxyalkylona oopoh/msrs 

(S7) Organoalloxane-oxyalkylene copolymer* in which at least one allleen stem of an ergsno«iloxane 
unh has attached thereto a group 

2 

I 

-X(OR).OSIR'.(OR")^ 

In which X is a divalent hydrocarbon group, R la an alkylene group, n la an Integer of at taest 2. Z Is 
an organic substltuent containing en epoxy group. B' la Jewer a Iky I, vinyl or phenyl, R" ia alkyi or 
alkoxyalky! and a la 0 or 1, at least 40 percent of the total aubatituanta In the copolymer being methyl. 

The copolymers are film forming and may be applied to continuous or porous aubatretaa from 
aqueoua or non-aqueous solutions. 
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SPECIFICATION 

Orgenocflosano-uyalkylono copolymers 

5 Thla Invention relate* to copolymers compris- 
ing organdejloxsne units and oxyaikylene un- 
its, and also relates to a process for preparing 
such copolymers. 
Copolymers comprising alloxans units and 

10 oxyaikylene units are now watt known and 
have been commercially employed In applfca* 
tiona sueh aa surfactants for polyurethane 
foams and as textile fibre lubricants. In U.K. 
• Patent 1 290 687 there are disclosed alloxan*. 

1 5 por/oxyslkyleno block copolymers In which 
there are present methoxy groups attached to 
silicon atoms, ft Is stated In the said patent 
that a preferred application of the block co- 
polymers Is in the treatment of hydrophobic 

20 fibres to improve their soil resistance. Euro- 
pean Patent Application 32310 also discloses 
copolymers containing ailoxane units, oxyalky- 
lene units and silicon-bonded hydrotysable 
group*, and the use of such copolymers for 

25 treating textiles. In the above described prior 
art copolymers the mathoxy groups or hydro- 
fysable group* are attached to a silicon atom 
In the ailoxane chain either directly or by way 
of an aliphatic hydrocarbon linkage. 

30 According to the present invention there are 
provided organosiloxano oxyaikylene co- 
polymers wherein at least one silicon atom of 
an erganoelloxane unit has attached thereto a 
group represented by the general formula 



-XtORJ.OSiR'UOR")^ 

40 wherein X repreaenta a divalent hydrocarbon 
group having from 2 to 8 carbon atoms* R 
represents an aikyiene group having from 2 to 
4 carbon aroma, /» la an Imager of at least 2, 
Z represents an organlo group composed of 

45 carbon, hydrogen and oxygen and having 
therein at least one epoxy group,. R' repre- 
sents e lower allcyl. vinyl or phenyl group, R" 
represents an alkyl or an alkoxyaikyf group 
having lees than 7 carbon atoms end e haa a 

60 value of 0 or 1, the remaining silicon-bonded 
aubatituents in the organoailoxane units being 
selected from hydrogen atoms, monovalent 
hydrocarbon groups snd groups represented 
by the general formula 

65 

-XIOR^OG 

wherein X and R are aa hereinbefore defined 
end 0 represents a hydrogen atom, a monove- 

80 lent hydrocarbon group having from 1 to 10 
carbon stoma or an acyi group having from 2 
to 6 carbon atoms, at least 40 percent of the 
total substttuents bonded to ailoxane silicon 
atoms In the copolymer being methyl. 

66 In the general formula above -(OR).- repre- 



aenta an oxyaikylene block having at least 2, ' 
preferabrv from 2 to 60 oxyaikylene units' OR. 
The oxyaikylene units are preferably oxyethy- 
lane or oxypropyiene or combinations of the 

70 two, for exampleHOCaHJttOCjHg),-. The 
group X which links the oxyaikylene block to 
the ailoxane silicon atom may have from 2 to 
8 earbona. but in view of the more reedy 
availability of the polyoxyalkylane precursor, is 

76 preferably the propylene group -(CHa)*. 

The subetftuent Z is an epoxldised monova- 
lent organic group competed of carbon, hy- 
drogen and oxygen. Examples of such groups 
Include the group 

80 

-ay*, (t$f 

85 

and thoea repreeented by the general formula 



90 /o x 

-QCH • CEj 

wherein Q represents a divalent hydrocarbon 
96 group e.g. ethylene, butylene. phenylene. ey~ 
clohexylane end 



too -csjCHj 



or an ether oxygen-containing group such aa 
-CH 3 CH 2 OCH 1 CH 3 and 
105 -CH^H,OCH(CHJCH^. Preferably Z repre- 
aenta the group 



110 -CCBj^OCHjCH Ahj. 



Aa the R" groups there may be present any 
alkyl or elkoxyalkyl group having leas than 7 

115 carbon atoms e.g. methyl ethyl, propyl, me- 
thoxyethyl and ethoxyethyi. the preferred co- 
polymers being those wherein R" represents 
methyl, ethyl or m ethoxyethyi. The R' groups, 
when present, may be C 1m4 alkyl. vinyl or 

120 phenyl. 

At leaa* one of the above oxyalkylene-oon- 
talnlng groups should be present In the co- 
polymer. The number present In any particular 
case will depend upon auch factors aa the aba 

126 of the copolymer molecule desired and the 
balance sought between the properties be- 
stowed by the ailoxane end oxyaikylene por- 
tions. The remaining substttuents on the ailox- 
ane silicon a tome may be eetocted from hydro* 

1 30 gen atoms, monovalent hydrocarbon groups 
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e.g. ethyi. propyl, 2,4,4-trimethyipentyl, vinyL 
ailyl and phenyl and silicon-free oxyalkylsne 
groups of the formula -X(OR) n OG, wherein Q 
le for example ethyl,, bury! oraoetyl;~wfeh the 
& proviso that at leaat 40 percent of the total 
alloxans silicon-bonded substrtuents are me- 
thyl groups. The preferred copolymers of this 
Invention are those wherein the oxyaUcylane 
groups (ORLsre oxy ethylene and comprise at 
1 0 least 36% of the total weight of the co* 
polymer. 

The copolymers of this invention may take 
any of the molecular configurations oveilable 
to such copolymers provided such configure* 
1 5 tion le consistent with the presence of termi- 
nal airy! groups on the cxyalfcytene-contalnlng 
group or groups. For example, they may be of 
the ABA configuration wherein A represents 
the 

20 Z 

I 

-X(OR) B OSIrV.(OR")^ 

group end B represents a lineer siloxane pot* 
25 tion e.g. -{MtSlOX, wherein each M Individu- 
slly represents sn orgenle oubctftuent such as 
-CH 8 and b is an integer of at least 2. 
AKernetlveJy the copolymer may be of the so- 
called "rake" configuration wherein the oxyai- 
30 kylene-containlng groups are pendant from a 
siloocane chain aa In 



SB 
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K810- 
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In which y Is aero or an integer end sis an 
integer. According to yet another configure- 

45 tion fro oxyaikylene-oontaining (A) groups 
msy be present both in the pendant positions 
snd ettsched to the terminal silicon stoma of 
ths siloxane chain. It will thus be apparent 
that In addition to the siloxane units having 

50 oxyalkyfene groups ettsched thereto the co- 
polymers of this Invention mey also comprise 
monofunctlonaJ M 9 SI0x units, difunotionaf 
MjSiO and trifcinotionai MSiO a/s units, if de- 
sired, smaO proportions of tetrsfunctional Si0 2 

55 units may also be present. 

The copolymers of this Invention can be 
obtained by reacting together (A) en orgenoel- 
. loxane-oxyalkylene copolymer wherein at least 
one silfeoh stem of an organosllbxane unh has 

00 attached themes a gfeup of the general for* 
mule 

^X(OR) fl OH 

65 the remaining silicon-bonded subctrtuents in 



the orgsno-siloxene units being selected from 
hydrogen etome, monovalent hydrocarbon 
groups and groups represented by the general 
formula -OqOR^OG, at least 40 percent tff tfie 
70 tots I substituems bonded to siloxane silicon 
atoms In the copolymer being methyl groups, 
snd (B) sn orgenosllene 

75 ZSiR'.(0R»)^ 

wherein X, R. Z, R J , R" snd a are aa herein- 
before defined end G represents s monovalent 
hydrocerbon group hevlng from 1 to 10 car* 
bon etome or an ecyfl group having from 2 to 

80 8 carbon atoms. 

OrgenoelloKaneoxyelkyiene copolymers (A) 
employed in the seid preperative process ere « 
known class of materials. Such copolymers 
and methoda for their preparation are de- 

85 scribed In, for example, British Patents 

802 467 and 1 143 208. The eUanes (B) are 
also known substances snd have been dis- 
closed In, for example, British Patent 
634326. 

90 Some reaction between (A) and (B) to form 
the orgenosiloxane-oxyalkylene copolymers of 
this invention le believed to occur at normal 
ambient temperatures. It ie preferred, how- 
ever, to expedite the reaction by the use of 
85 higher tsmperatures, for example, from about 
60*C to 1 80*C. If desired the reaction may be 
carried forward In the presence of a traneest 
eriflcBtion catalyst, for example zinc tetraftuo- 
reborste, an organic tin compound e.g. stan- 

100 nous cetoate or a titanium compound e.g. 

tetrabutyi tltanate. Where aubaequent reaction 
of the copolymer via the spoxy groups la 
envisaged the preferred catalysts are those 
whieh also function to open the epoxy ring 

1 06 e.g. zinc tetrefluoroborete. 

The relative meter proportions of the raao- 
tsnts employed may be varied to achieve 
substantially com p lets reection of the svsif* 
* able COH groups, or to induoe only partial 

110 reaction whereby the resulting copolymer pro- 
duct contains both sirylatad snd non«lfytated 
oxyalkyfsne groupa. 

The molecular weight of the copolymers of 
this invention mey vary widely and the co- 

115 pofymera may range from mobile liquids to 
gummy or waxy solids. When e sufficient 
proportion of oxyethylene unite le present the 
copolymers are water-soluble. The copolymers 
may therefore be formed Into curable fllme on 

120 continuous, porous or fibrous substrates from 
aqueous or rvon aqueoua solutions. Curing of 
the copolymers Into films will tske place In the 
absence of a curing catalyst. It is, however, 

r orally preferred to accelerate the cure by 
addition of a siloxane condensation cata- 
lyst. A wide variety of such catalysts are 
known end include, for exempte acids, bases 
end metal organic compounds such as the 
metal carboxylates e.g. dlbutyftin dllaurate, 
130 stannous octoate end zinc octoate snd than* 
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lum aUcoxides and chelates. Carta In sub- 
stances e.g. xino tetrafluoroborale and stan- 
nous octoata can function bath aa a transest* 
erification catafyat during tha preparation of 
tha eJloxane*oxyslkylene eoporymarand subse- 
quently at e curing catalyst tharafor. 

It to alao preferrecfto affact drying and 
curing of tha filma at elevated temperatures. 
Tha acmaJ temperature amployad will depend 
to soma extant on tha nature and heat reele- 
tanca of tha substrate, tamparsturea fn tha 
ranga from about 60*C to about 1 80X being 
generally appropriate. 

If deeJred tha copolymers of the invention 
may be mixed with filler*, pigments and other 
additives to produce compositions ourabie to 
rubbery solids having palntable surfaces. 

The following examples In which Ma repre- 
eerrte methyl Illustrate tha invention. 

Exsmph 1 

To a 20 litre spltt»necJced flssk equipped 
with a stirrer, condenser and thermometer 
was charged 1 2.500g of a alloxana-cxyaUey^ 
Jena copolymer of avaraga composition 
[HO(CH,CH a O) ta rfCN^jMe,Otd, (SIMe.O),., 
Tha flask waa heated to BOX and a 40% by 
weight aqueous solution (28ml) of zinc tat- 
rafluoroborsta added and dissolved with stir* 
ring. This was followed by the addition over 
25 mlnutae of the stlsne. 



35 (HtO^sttcH^ocHjci -\ai, 



(245B.7g), the reaction mixture than being 
maintained at 90X for a further 2 hours. On 

40 cooling there was obttinsd 14 0 87Og (99.5%) 
of a elsar, amber, water-soluble liquid. 

When an aqueous solution (1 5% by weight) 
of tha liquid waa coated on to aluminium and 
dried at 1 60 X for 3 minutea a crosslinked, 

45 water-insoluble, hydrophlllc film was obtained. 



60 



1 926 of the eiloxane-oxyalkylene copolymer 
smployed In Example 1 and Igm of concen- 
trated hydrochloric acid ware heated whh stir- 
ring to 90'C. 37.Bg of tha allane 
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Example 3 

Employing the procedure of Example 1 a 
alloxana-oxyalkylene copolymer (24Qg) of av- 
erage compoaiUon 

Me^KOSiM^^OSiMefeOSIMe, 



(CHJ^OCHjCHjJ^OH 



and tha allane 



'0 fc 



80 04eO> a fli<CH 2 >3CCR a CH - V « 
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(70.8g) ware reacted at 9D-100*C in tha 
presence of a 40% by weight aqueous solu- 
tion (3ml) of zinc tatrafluoroborata. 

Tha reaction product (304g) waa a clear, 
amber-coloured liquid which formed clear 
aqueous solutions. On drying these solutions 
(10% by weight) at 1 50*C for 3 minutes clear 
crosslinked hydrcphlllo filma were obtained. 

Example 4 

150.9Q of a atloxana-Qxyalkylana co- 
polymer having the average composition 
[HOICH^H^K^CHJaSIMe^OaJ, (SiMe^)*. 
waa heated to 80*C with stirring. A 40% by 
weight aqueous aolutlon (2ml) of ZnfBFJ, waa 
than added, followed by 47.2g of the silane 



100 



CKeO)j01<eH 2 ) 3 OCll2 



Tha mixtura waa maintained at 80*C for 2 
hours and then allowed to cool. A slightly 
hazy water-soluble liquid was obtained. Whan 
a 10% by weight aquaoua solution of this 
liquid waa dried at 1 SO'C a croaallnked, 
water-insoluble film resulted. 

CLAIMS 

1. An organosJIoxane-cxyalfcylene co* 
polymer wherein at least one silicon atom of 
an organosiloxane unit has attached thereto a 
group represented by the general formula 



65 (MeOJjSiQCjCHjCKjOCB^CB^-^ 



were added and the mixtura maintained at 
90*0 for 2 hours. On cooling there waa 

60 obtained 223g (97%) of a clear, amber, 
water-soluble liquid. Whan an aqueous solu- 
tion (1 6% by weight) of the liquid was coated 
onto aluminium and dried for 3 minutea at 
1 60*C a croasitnkad 25 water insoluble film 

66 waa obtained. 



120 -X^ORkO^OR'^ 

wherein X represents a divalent hydrocarbon 
group having from 2 to B carbon stoma* R 
represents an alkyiene group having from 2 to 
1 25 4 carbon etoma, n is en integer of at least 2. 
Z represents an organic group composed of 
carbon, hydrogen and oxygen and having 
therein at least One epoxy group, R' 'repre- 
sents e lower alkyi, vinyl or phenyl group, R" 
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represents an alky! or an alkoxyalkyl group 
having iasi than 7 carbon atoms and a has a 
value of 0 to 1, the remaining sllleon-bondad 
substltuents In tha orgsnqsiloxana units bting 
salactad from hydrogen atoms, monovalent 
hydrocarbon, groups and groups represented 
by tha gensra! formula 

— X(OR) ft OG 

wherein X and R are as hereinabove defined 
and G represents a hydrogen stom, a monova- 
lent hydrocarbon group having from 1 to 10 
carbon atoms or an aoyt group having from 2 
to 8 carbon atoms, at least 40 percent of tha 
total substltuents bonded to sfloxane silicon 
atoms In the copolymer being methyl groups. 

2. A eopofymsr as claimed In Claim 1 
whsreln the OR units are oxyathytene unHs or 
oxypropylene units or both. 

3. A copolymer as claimed In Claim 1 or 
Claim 2 wherein n haa a value from 2 to 50. 

4. A copolymer as claimed In any one of 
the preceding claims wherein X repreeenta the 
group -<CHj)i-». 

5. A copolymer as claimed in any one of 
the preceding claims wherein R" represents 
the methyl, ethyl or methoxyethyl group. 

6. A process for the preparation of an 
organoslloxane-oxyalkylene copolymer as de- 
fined in Claim 1 whloh oomprlaea reacting 
together (A) an orgsnosiloxane-Oxyalkyfene co- 
polymer wherein at least one silicon atom of 
an organoailoxane unit has attached thereto e 
group represented by the general formula 

-XJORKOH 

the remaining silicon-bonded substituents In 
the orgenesiloxans units being selected from 
hydrogen atom*, monovalent hydrocarbon 
groups arid groups repreeented by the general 

formula 



45 ^X(0R).0Q 

at least 40 percent of the total oubstituents 
bonded to slloxane silicon atoms In the co- 
polymer being methyl groups, and (B) an 
50 organosllana 

ZSiRVOR'V, 

wherein XR,l R', R" end a are aa defined 
56 in Claim 1 and O repreeenta a monovalent 

hydrocarbon group having from 1 to 10 car* 

bon atoms or on acyf group having from 2 to 

6 carbon atoms. 
7. A prooeea aa claimed in Claim 6 
60 wherein there Xe present a transestarifioatlon 

catalyst 

fl. A process aa claimed In Claim 7 
wherein die catalyst la a aubstanca which also 
effects ring opening of the epoxy group. 
65 9. A proceas for coating a substrata which 



comprises applying thereto en organosiloxane- 
oxyalkyiene copolymer as dsimed In sny one 
of Claims 1 to 5 inclusive. 

10. An jDrganosifoxsne-oaysJkylsne co- 
70 polymsr ee claimed in Calm 1 substantially as 
described with reference to the Examples 
herein. 

Mtud In t» Unto* UnBtoAtor " 
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